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Abstract  
In situ synthesis of layered double hydroxides (LDHs) was proved to be an 
effective way to extract short chain fatty acids (SCFAs) from anaerobic fermentation 
liquid (AFL) as carbon source for biodenitrification, but the SCFAs content in SCFAs-
LDH was unsatisfactory because of the existence of much carbonate in AFL. 
Pretreatment of AFL with calcium addition was investigated to remove carbonate and 
improve SCFAs extraction via LDH synthesis. Results of batch tests showed that, the 
carbonate removal efficiency was as high as 76.6% when the calcium addition was 
0.06 mol/L at pH 12. When using the optimal SCFAs/Al3+ ratio of 3.0, the total 
SCFAs content in SCFAs-LDH with pretreatment was improved to 46.5 mg COD/g 
LDH, which was 4.5 times of the control (10.4 mg COD/g LDH). These results 
suggest that adding calcium to AFL was an effective way to eliminate the negative 
effect of carbonates on SCFAs-LDH synthesis.  
Keywords: Anaerobic fermentation liquid (AFL); Short chain fatty acids (SCFAs); 
Layered double hydroxides (LDHs); Calcium addition 
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1. Introduction 
Biological denitrification technology is the most cost-effective method for nitrate 
removal (Han et al., 2018; Wang & Chu, 2016). In the process of biological 
denitrification, nitrate is reduced to nitrite and finally converted to nitrogen gas 
(Fernandez-Nava et al., 2010; Kourmentza & Kornaros, 2016), which requires carbon 
source as electron donor and energy (Ahn, 2006; Chen et al., 2017). However, with 
the chemical oxygen demand to total nitrogen ratio (COD/TN) decreasing in 
wastewaters and stricter standards of nitrogen effluent, carbon source in wastewater 
cannot meet the demand of denitrifying bacteria (Zhang et al., 2006). Thus, external 
carbon sources, such as methanol (Her J. J. et., 1995), ethanol (Liu et al., 2016), acetic 
acid (Fortela et al., 2016) and glucose, are always added in practical wastewater 
treatment plants (WWTPs) for denitrification. The most commonly used external 
carbon source is sodium acetate in China, with additional cost of 0.2-0.3 RMB/m3 
wastewater depending the COD/TN ratio of the influent and effluent standard. 
SCFAs in anaerobic fermentation liquid (AFL) of organic wastes are thought of 
as an ideal carbon source for biological denitrification (Liu et al., 2016; Reddy et al., 
2018; Zhang et al., 2016b). However, previous study had found that the ammonia 
concentration in AFL was about 500-2208 mg N/L (Jiang et al., 2013). The high 
ammonia concentration in AFL could be useful to improve SCFAs and/or energy 
production from WAS using free ammonia (FA) pretreatment, achieving stable 
mainstream nitrogen removal via nitrite pathway by sludge treatment using FA (Wang 
et al., 2017; Zhang et al., 2018). But the useful FA would not be consumed and need 
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to be further recovered in the sludge treatment process (to be separated) or removed in 
the mainstream wastewater treatment process (to increase the nitrogen load of the 
mainstream), from the view of mass balance (Huang et al., 2016). Layered double 
hydroxides (LDHs), as a class of synthetic clay mineral (Clark et al., 2017; Zhou et 
al., 2018) with the general formula of [MII1-xM
III
x(OH)2]
x+[(An-) x/n]
x-•H2O (Li et al., 
2016), can extract anions from wastewater via in situ LDHs synthesis (M. del Arco 
et., 2004; Zhang et al., 2016a). In previous study, in situ synthesis of LDHs was 
employed to extract SCFAs from actual AFL of food waste successfully, with 
produced SCFAs-LDH serving as slow release carbon source (free from ammonia) for 
bio denitrification (Jiang et al., 2017). It was also found that, there was a certain 
amount of carbonate in the synthesized sample. This is mainly because there is always 
a high concentration of carbonate in AFL, and carbonate anion had a stronger affinity 
with LDHs to form CO3
2--LDH (Iyi et al., 2009; Zhaoping Liu, 2006). Consequently, 
SCFAs content in the synthesized SCFAs-LDH was much lower than expected.  
In fact, CO3
2- is easy to be removed from fermentation liquid with calcium 
addition under basic pH conditions (Luo et al., 2014; Lutz Lohse 2000). While, basic 
pH is one of the right essential conditions of LDHs synthesis. Thus, it is proposed 
that, AFL could be pretreated firstly before LDHs synthesis with calcium addition, to 
remove carbonate and improve SCFAs content in SCFAs-LDH. For this purpose, the 
optimal pH value and calcium dosage should be investigated to get best carbonate 
removal efficiency with low cost. Meanwhile, the right ratio of SCFAs/MIII, as one of 
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the most important LDHs synthesis factors affecting SCFAs content (Li et al., 2016), 
should also be studied. 
Hence, the objectives of this work were: (1) to optimize CO3
2- removal efficiency 
from AFL with pretreatment of pH value adjust and calcium addition; (2) to study the 
influence of SCFAs/MIII ratio on improving SCFAs content via in situ synthesis of 
LDHs; (3) to investigate how much SCFAs content in SCFAs-LDH could be 
improved by AFL pretreatment with calcium addition.  
2. Materials and methods 
2.1. Chemicals, substrate and inoculum  
Zn(NO3)2·6H2O, Al(NO3)3·9H2O, NaOH, HNO3 (5%) and Ca(NO3)2 ·4H2O used 
in this study were of analytical reagent grade without further purification, purchased 
from Sinopharm Group Chemical Reagent Co., Ltd.. 
The food waste as substrate of anaerobic fermentation was obtained from 
canteens located in Shanghai university, China. It was put into the food mixer for 
mixing, and was stored in refrigerator at 4 oC. Before adding the slurry into the 
reactors, the total solid concentration of the food waste slurry was diluted with tap 
water to about 10%, avoiding the high solidification to inhibit the activity of bacteria. 
The anaerobic fermentation sludge was collected from Quyang sewage treatment plant 
in Shanghai, China. The total solid contents of the food waste and anaerobic 
fermentation sludge used in the experiment are 48.8±0.6 and 48.6±0.18 g/L, 
respectively. CH3COONa, CaCl2 and MgSO4 were used to domesticate the anaerobic 
fermentation sludge. 
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2.2. Preparation of AFL with SCFAs from food waste 
Diluted food waste (3 L) and anaerobic sludge (1.5 L) were mixed and then 
conducted in anaerobic fermentation reactor (5 L) for batch fermentation. Besides, 2-
bromoethane sulfonate (0.5 g/L) as a methane inhibitor was added into the reactor. 
Before the anaerobic reactor being operated, pH control device, temperature controller 
and agitator were connected with the reactor. Meanwhile, the reactor was remained in 
nitrogen atmosphere and sealed all over it. Moreover, the high purity nitrogen was 
poured into the liquid below blowing air for 20 min. The experimental temperature 
was controlled at 35 °C and the pH at 6.0-7.0 by adding 2 M NaOH. 
During the experiment, AFL were taken about 200 mL every 12 h for testing 
samples until the SCFAs production reached the maximum concentration. The 
supernatant was separated by centrifugation (3000 rpm for 10 min) and then filtered 
through 0.45μm. Characteristics of the mixed liquid before and after AFL are shown 
in Table 1. The main compositions of AFL are listed in Table 2. 
2.3. Pretreatment tests with calcium addition 
The pH of the fermentation liquid (420 mL) was adjusted at 12 using NaOH (8 
mol/L). After centrifuged with the speed of 3000 rpm for 5 min, the supernatant (15 
mL) was used to test carbonate alkalinity by titration. The left supernatant (400 mL) 
was evenly divided into 8 beakers. The calcium nitrate (0.03 mol/L) was cast first 
breaker. Then, the calcium concentration of the residual beakers increased by 0.03 
mol/L in turn, to the maximum concentration (0.21 mol/L), finally. In addition, all 
beakers were stirred vigorously with pH values being maintained at 12 by adding 
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NaOH in the process of adding calcium nitrate. The procedure of centrifugation and 
titration were the same as above.  
The removal efficiency of carbonate was calculated according to the following 
formula:  
𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑓 𝐶𝑎𝑟𝑏𝑜𝑛𝑎𝑡𝑒 (%) =
𝐶𝐴𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 −𝐶𝐴𝑐𝑎𝑙𝑐𝑖𝑢𝑚 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛  
𝐶𝐴𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 
× 100, 
where CA is carbonate alkalinity in the AFL. 
2.4. The optimal SCFAs/ MIII ratio study via synthesis of ZnAl-SCFAs-LDH 
In this study, SCFAs/MIII ratio is specifically SCFAs/Al3+. Deionized water were 
purged by nitrogen gas for 20 min. Zn(NO3)2·6H2O (0.25 mol) and Al(NO3)3·9H2O 
(0.125 mol) were diluted in a 500 mL volumetric flask with deionized water to obtain 
a mixed metal salt solution. SCFAs solutions (with SCFAs/Al3+ ratios of 1.5, 3.0 and 
6.0) were prepared separately according to the molar ratio of 
CH3COONa/C2H5COONa/C3H7COONa=1/1/1, respectively. The mixed metal salt 
solution (120 mL) was first added to a four-necked flask at room temperature, and 
then SCFAs solutions and NaOH (1 mol/L) were simultaneously added dropwise with 
the pH of mixed solution maintained at 10±0.5. The whole process was performed 
under N2 atmosphere. The solution was aged at 75 
oC for 12 h and then centrifuged at 
3000 rpm for 5 min. Then, the precipitate was washed with deionized water for three 
times. The precipitates were dried in a vacuum oven at 60 oC for 48 h.  
The extraction ability of SCFAs was calculated according to the following 
formula: 
𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑏𝑖𝑙𝑖𝑡𝑦𝑆𝐶𝐹𝐴𝑠(%) =
𝑚𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑆𝐶𝐹𝐴𝑠 − 𝑚𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑆𝐶𝐹𝐴𝑠
𝑚𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑆𝐶𝐹𝐴𝑠
× 100          
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2.5. Comparative study of SCFAs-LDH and SCFAs-LDH-Ca 
The co-precipitation methods of SCFAs-LDHs and SCFAs-LDH-Ca synthesis 
were mainly in accordance with (Jiang et al., 2017; Jiang et al., 2018). Deionized 
water and a four-necked flask were full of nitrogen gas for 30 min. The fermentation 
liquid (250 mL) was transferred to a big beaker. Then, the fermentation liquid (0.06 
mol SCFAs) with a solution of Zn(NO3)2•6H2O (0.04 mol) and Al(NO3)3•9H2O (0.02 
mol) were conducted in a four-necked flask with stirring vigorously for 30 min under 
N2. Meanwhile, the pH of mixed liquid was maintained at 10±0.5 with adding NaOH 
(8 mol/L). The solution was aged at 75 oC for 12 h and then centrifuged at 3000 rpm 
for 5 min. The precipitate was washed thoroughly using decarbonated water and dried 
at 60 oC for 48 h to obtain SCFAs-LDHs.  
The fermentation liquid (400 mL) was adjusted to 12 by NaOH solution (8 
mol/L) and then was added with calcium nitrate tetrahydrate (0.06 mol/L). More 
importantly, the pH of the solution was always maintained at 12. After being 
centrifuged, the supernatant of the solution was taken for detecting SCFAs 
concentration. The residual solution (250 mL) was firstly aerated with N2 for 5 min, 
then added with Zn2+/Al3+ (0.04 mol/0.02 mol) salt solution (100 mL), with pH 
controlled at 10±0.5 using NaOH. The solution was stirred vigorously under N2 
atmosphere, aged at 75 oC for 12 h. After centrifugation and dried, the synthesis of 
LDHs was named as SCFAs-LDH-Ca. 
2.6. Analysis and characterization 
The solution pH was measured by a pH meter (CANY, Shanghai, China). The 
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volatile solids (VS), total solids (TS), total chemical oxygen demand (TCOD), soluble 
chemical oxygen demand (SCOD), PO4-P , NH4-N, carbonate alkalinity (1/2 CO3
2- 
mmol/L)(titrated to pH 8.3) and bicarbonate alkalinity (HCO3
-)(titrated to pH 3.7) 
were determined in accordance with Standard Methods (APHA, 2005). SCFAs 
content including acetic acid, propionic acid, n-butyric acid, iso-butyric acid, n-valeric 
acid and iso-valeric acid were measured with a gas chromatograph (GC2010-Plus, 
Shimadzu, Japan) equipped with a capillary column (stabliwax-DA, 30 m×0.32 mm
×0.25 μm) and a flame ionization detector (FID), following the methods described 
by (Jiang et al., 2013; Lin et al., 2018). The temperature of the injector and detector 
were 220 and 250 oC, respectively. The pH of the samples was adjusted to below 3.0 
using 10% H3PO4.  
X-ray diffraction spectroscopy (XRD) was used the Japanese Science and 
Technology Corporation (D\max-2550X ray diffractometer). The parameters used in 
the instrument were tube flow of 250 mA, tube pressure of 18 kV, scanning step size 
of 0.02, scanning speed of 4o min step-1, and scanning range 2θ of 3-80o. Fourier 
transform infrared (FTIR) spectrum was recorded on a Nicolet 380 spectrometer. The 
wavenumber range of scanning was 400-4000 cm-1. C and N elemental analysis were 
carried out by a CE-440 elemental analyzer. 
2.7. Simulation study on the optimal pH of pretreatment 
Visual MINTEQ software (version 3.0) was used for the simulation study. The 
concentration of carbonate and calcium ions were both set at 0.06 M. The pH values 
were set from 7 to 12. Simulations were performed with results of the bicarbonate and 
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carbonate concentrations recorded.  
3. Results and discussion  
3.1. Optimal pretreatment conditions: pH and calcium dosage 
It is well known, the fractions of different carbonate species depend on the 
solution pH value greatly. Thus, the optimal pH value for carbonate removal from 
AFL with certain calcium addition was firstly studied via simulation. As shown in Fig. 
1(a), the concentrations of bicarbonate decrease with the increase of pH value, with 
the lowest carbonate concentration at pH value of 11-12. At the same time, the 
carbonate removal efficiency reached 78.1-78.8%. In order to convert bicarbonate to 
carbonate as much as possible, the pH of liquid should be maintained at 11-12 during 
calcium addition to the AFL to remove carbonate as much as possible. 
As for the optimal calcium dosage, batch tests were performed to investigate the 
carbonate removal efficiency with different calcium dosage, the results shown in Fig. 
1(b). It can be found that the highest removal efficiency of carbonate was as high as 
76.6% with calcium addition of 0.06 mol/L. It is interesting that the removal 
efficiency of carbonate decreased slightly with calcium addition of 0.09-0.21 mol/L. 
This may be owing to excessive Ca2+ precipitating with hydroxide ions at pH of 12 
(Vandamme et al., 2012). Stumpff & McGuigan (2014) concluded that the SCFAs 
between 0.02 and 0.12 mol/L did not bind Ca2+ (0.01 mol/L) in the sole system, but S. 
Leonhard-Marek (2007) found that Ca2+ (0.008 mol/L) can also be decreased by 50% 
in the presence of 0.1 mol/L SCFAs under the buffer solution. The concentration of 
SCFAs and Ca2+ in this study was 0.17 mol/L and 0.09 mol/L or more, which were 
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higher than that reported by Stumpff and S. Leonhard-Marek. So, excessive Ca2+ also 
could bind to SCFAs anions after pretreatment. Thus, calcium addition of 0.06 mol/L 
could be selected for pretreatment of AFL to remove carbonate and improve SCFAs 
extraction by means of SCFAs content in synthesized SCFAs-LDH. 
3.2. The effect of SCFAs/Al3+ ratio on SCFAs extraction 
The right ratio of SCFAs/Al3+ is one of the most important LDHs synthesis 
factors affecting SCFAs content. Fig. 2(a) shows the composition of organic acids in 
the SCFAs-LDHs synthesized with different SCFAs/Al3+ ratios. It is obvious that, the 
contents of acetate, propionate and butyrate in SCFAs-LDH increased individually 
with the increase of SCFAs/Al3+. Simultaneously, the total SCFAs content increased 
significantly with the increase of SCFAs/Al3+ ratio. This can be easily understood, 
SCFAs/Al3+ ratio is on behalf the relative amount of SCFAs content in the AFL to the 
amount of LDHs to be synthesized. Lower SCFAs/Al3+ ratio means the certain SCFAs 
in AFL was prepared for more LDHs synthesis, the SCFAs contents in SCFAs-LDH 
must be lower accordingly. 
As shown in Fig. 2(b), the layer spacing of synthesized SCFAs-LDHs, the total 
SCFAs content, and the SCFAs extraction ability with different SCFAs/Al3+ ratios 
were all correlated with the SCFAs/Al3+ ratio. The layer spacing of d(003) increased 
to a certain extent as the SCFAs/Al3+ ratio increased, but no longer increased later. 
When the ratio of SCFAs/Al3+ was 3, the d(003) was 1.457 nm, the interlayer spacing 
did not reach the maximum, indicating that the interlayer capacity of LDHs was still 
not saturated. The SCFAs anions may be arranged in a biaxial direction perpendicular 
  
13 
 
to the bilayer. While the ratio of SCFAs/Al3+ increased to 6, the d(003) was 1.522 nm. 
The interlayer capacity of the LDHs increased accordingly, which was reflected by the 
SCFAs content increase. There was a decrease trend after the SCFAs content 
increased to the maximum, suggesting that the increase of interlayer spacing directly 
was attributed to more SCFAs anions intercalation. Furthermore, the concentration of 
interlayer anions of SCFAs increased with increase of the concentration of SCFAs 
anions in the solution, thus the SCFAs content in SCFAs-LDHs also increased.  
As for the extraction ability of SCFAs, it increased first and then decreased with 
the increase of SCFAs/Al3+ ratio, which was shown in Fig. 2(b). While the ratio of 
SCFAs/Al3+ was 1.5, 3, and 6, the extraction ability of SCFAs (with single synthesis) 
were 20.7%, 29.8%, and 17.4%, respectively. To improve the total extraction ability, 
multiple synthesis could be performed. 
In summary, in view of SCFAs content improvement, the SCFAs/Al3+ ratio of 3 
can be selected for SCFAs-LDH synthesis; while in view of SCFAs extraction ability 
improvement, re-extraction with multiple synthesis for proper times could be 
performed in future application. 
3.3. Comparison of SCFAs-LDH and SCFAs-LDH-Ca 
3.3.1. XRD analysis 
From the XRD patterns of SCFAs-LDH, XRD patterns were used to analyze the 
structures of SCFAs-LDH and SCFAs-LDH-Ca. SCFAs-LDH had an obvious LDHs 
characteristic diffraction peak (Yang et al., 2014). Compared with SCFAs-LDH 
synthesized in simulated system (Jiang et al., 2017), (003), (006), and (009) 
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characteristic peaks of SCFAs-LDH synthesized in actual system in this study were 
not shifted to low angle. Besides, the characteristic peaks of SCFAs-LDH and CO3
2--
LDH were highly coincident (Zhao et al., 2010). This phenomenon indicated that the 
synthesis of SCFAs-LDH was essentially carbonate intercalated. Therefore, extraction 
of SCFAs from AFL vis SCFAs-LDH synthesis was negatively affected by 
carbonates. As for the XRD patterns of SCFAs-LDH-Ca, the level of d003 reached 
0.877 nm after addition calcium (0.06 mol/L), which was much higher than SCFAs-
LDH (0.753 nm), indicating that the interlayer spacing significantly increased. This 
phenomenon suggests that pretreating the AFL with addition calcium could reduce the 
inhibition effect of carbonates and provide a spatial basis to improve SCFAs 
extraction via in situ synthesis of LDHs.  
The Zn2+/Al3+ ratio in SCFAs-LDH was 1.97, which was similar to the ideal 
value (Zn2+/Al3+ =2) in LDHs, indicating that the obtained material basically had the 
crystal composition of LDHs. The Zn2+/Al3+ ratio in SCFAs-LDH-Ca was 2.09 
detected by elemental analysis, which was also accordance with the ideal value 
(Zn2+/Al3+=2) in LDHs.  
In a word, the ZnAl-LDHs was both successful synthesized regardless of AFL 
pretreatment or not. However, from the result of XRD, carbonate was intercalated into 
SCFAs-LDH instead of SCFAs anions. 
3.3.2. FTIR analysis 
The FTIR analysis could characterize the surface functional groups of SCFAs-
LDH and SCFAs-LDH-Ca. As for SCFAs-LDH, the asymmetric telescopic (at 1352 
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cm-1) interlayer was ascribed to carbonate (Baliarsingh et al., 2013; Li et al., 2013; 
Wang et al., 2014). The results showed that carbonate had significant inhibition on the 
in situ synthesis of SCFAs-LDHs. While as for SCFAs-LDH-Ca, the absorption band 
around 1344 cm-1 was mainly the asymmetric telescopic ν3 of CO32--LDHs (Mahjoubi 
et al., 2015). In addition, the stretching vibration band of ZnAl-NO3
--LDH was also 
observed around 1380 cm-1, as reported previous (Manohara et al., 2012; Zhang et al., 
2013). Obviously, the vibrational band of carbonate and nitrate were very close. 
However, the stretching vibration band of SCFAs-LDH-Ca appearing at 1300-1500 
cm-1 was mainly associated with nitrate intercalation, which was according to N 
content (2.6%) in SCFAs-LDH-Ca with respect to N content (0.3%) in SCFAs-LDH. 
The problem would not be existed while nitrate salts were changed to chloride salts to 
synthesize LDHs. The reason for the occurrence of nitrate intercalation LDHs may be 
attributed to the calcium addition to remove most of carbonate in the AFL, causing 
nitrate to compete with SCFAs anions intercalating into LDHs. However, the most 
important band was that the νC=O stretching vibration peak of SCFAs-LDH-Ca 
appeared obviously at 1500-1700 cm-1 (Manohara et al., 2012). This result in sum 
confirmed that the presence of nitrate did not affect the successful intercalation of 
SCFAs into LDHs much. Contrarily, the νC=O band of SCFAs-LDH at 1500-1700 cm-1 
was not observed again, indicating the negative effect of carbonate on SCFAs 
extraction was reduced by AFL pretreatment.  
3.3.3. SCFAs contents improvement 
The SCFAs contents in SCFAs-LDH and SCFAs-LDH-Ca synthesized in AFL 
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are shown in Fig. 3. It can be observed that, the SCFAs contents such as acetate, 
propionate, butyrate and valerate were 2.6, 3.3, 2.4, and 2.1 mg COD/g LDH in 
SCFAs-LDH, respectively. While as in the SCFAs-LDHs-Ca, they were improved 
to12.4, 22.5, 5.6, and 6.0 mg COD/g LDH, which were about 4.8, 6.8, 2.3, and 2.9 
times of those in SCFAs-LDH, respectively. The highest acid content of SCFAs-LDH-
Ca was propionate (22.5 mg COD/g LDH, accounting for 48.5% of the total content).  
On the one hand, this was mainly owing to composition of SCFAs in fermentation 
liquid that the concentration of acetic acid, propionic acid, butyric acid and valeric 
acid accounted for 28.59%, 48.42%, 11.24% and 11.75%, respectively (Table 2). On 
the other hand, different kinds of anions could have different ability to enter LDHs 
because of different carbon chain. The SCFAs-LDH and SCFAs-LDH-Ca were 10.4 
and 46.5 mg COD/g LDH. These results mean that adding calcium to AFL could 
improve the total SCFAs content in SCFAs-LDHs by 4.5 times of the control.  
3.4. Evaluation and discussion of the economic feasibility 
The cost of the proposed method was calculated and compared with sodium 
acetate commonly used as carbon source in WWTPs in China nowadays, based on 
experimental results and literatures. The WWTPs with influent COD of 300 mg/L and 
total nitrogen of 60 mg N/L was selected to calculate. The demand of COD and total 
nitrogen in effluent was set as 50 mg/L and 15 mg N/L. The utilization efficiency of 
SCFAs-LDH and sodium acetate and the corresponding total nitrogen removal 
efficiency were investigated by previous study (Jiang et al., 2017). The results show 
that the cost of using SCFAs-LDH was about 1.15 RMB/m3 wastewater, which was 
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much higher than that of using sodium acetate (about 0.29 RMB/m3 wastewater.  
In fact, the cost of using SCFAs-LDH was calculated based on batch tests using 
chemicals. On one hand, the synthesis method could be optimized by using Ca(OH)2 
replace NaOH and calcium nitrate used in this study to provide OH- and Ca2+ at the 
same time. Ca(OH)2 can even be added before anaerobic fermentation to improve 
SCFAs production (Li et al., 2014) and remove carbonate alkalinity from AFL 
simultaneously. The cost of using Ca(OH)2 could be less than 1/5 of using NaOH and 
calcium nitrate. On the other hand, the cost of bivalent and trivalent in LDH synthesis 
could also be reduced much by using wastewater containing metal ions, such as 
electroplating wastewaters (Zhou et., 2010) as well as metal ions in AFL of waste 
activated sludge (Dabrowska et., 2011). The cost of bivalent and trivalent for LDH 
synthesis would then depend on the metal ions concentration in wastewater or AFL. In 
view of waste recycling, the proposed method in this study could be promising in 
future application. 
4. Conclusions 
The carbonate removal efficiency was 76.6% with calcium addition of 0.06 
mol/L at pH 12.0. The SCFAs/Al3+ molar ratio of 3.0 was found to be an optimal ratio 
for SCFAs-LDH synthesis in a comprehensive view. The total SCFAs content in 
SCFAs-LDH-Ca (46.5 mg COD/g LDH) was 4.5 times of the control (10.4 mg 
COD/g LDH), indicating that pretreating the AFL with calcium addition (0.06 M) was 
effective to reduce the negative effect of carbonates on SCFAs-LDH synthesis. The 
SCFAs extraction from AFL of food waste via in situ synthesis of LDHs was greatly 
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improved by pretreatment of calcium addition.  
E-supplementary data for this work can be found in e-version of this paper 
online. 
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Figure captions 
Fig. 1. (a) Removal efficiency of carbonate alkalinity with calcium addition (0.06 M) at different 
pH values and the corresponding bicarbonate and carbonate concentrations (simulation 
results by visual MINTEQ); (b) Removal efficiency of carbonate alkalinity with different 
dosages of calcium. 
Fig. 2. Effect of different SCFAs/Al3+ ratios on (a) the organic acid composition of SCFAs-LDH 
and (b) the basal spacing, SCFAs content and SCFAs extraction ability in SCFAs-LDH. 
Fig. 3. Composition of SCFAs contents in SCFAs-LDH and SCFAs-LDH-Ca.  
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Table captions 
Table 1. Characteristics of the mixture liquid before and after anaerobic fermentation 
       (no: not detected). 
Table 2. The main compositions of the anaerobic fermentation liquid of food waste. 
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Table 1 
Sample Before fermentation  After fermentation 
TS (g/L) 52.12±0.39 47.06±0.67 
VS (g/L) 37.43±0.12 21.34±0.64 
TCOD (g/L) 58.40 ± 2.02 44.07 ± 1.80 
SCOD (g/L) 24.08 ± 1.4 30.82 ± 1.34 
SCFAs (g/L) 3.72 ± 0.10 17.98 ± 0.36 
pH 6.59 6.99 
NH
4
+
-N (mg/L) 
PO
4
3- 
(mg/L) 
61.53 ± 0.91 102.65 ± 0.66 
6.29 ± 0.14 40.23 ± 2.91 
Alkalinity-1/2CO
3
2-
 
(mmol/L) 
- 24.11 
Alkalinity-HCO
3
-
 (mmol/L) 4.59 184.88 
Alkalinity-VFA (mmol/L) 50.70 215.18 
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Table 2 
Acids Acetic Propionic 
Iso- 
butyric 
n-
butyric 
Iso- 
valeric 
n-valeric Total 
Concentration 
(mg COD/L) 
7124.86
±14.3 
12066.86
±5.3 
423.42
±5.4 
2379.83
±5.8 
554.68
±0.8 
2375.58
±17.5 
24925.24
±49.1 
Proportion 
(%) 
28.59 48.42 1.70 9.54 2.22 9.53 100.0 
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Highlights 
 Adding calcium was proposed to improve SCFAs extraction from AFL via LDH 
synthesis. 
 The carbonate removal was up to 76.6% with 0.06 mol/L calcium addition at pH 
12. 
 From SCFAs extraction view, the optimal SCFAs/Al3+ for SCFAs-LDH synthesis 
is 3.0. 
 Total SCFAs content in SCFAs-LDH with pretreatment was 4.5 times of the 
control. 
 
 
